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OverviewOverview

�� I n t ro d u c t io n  t o  re w rit in g  lo g icI n t ro d u c t io n  t o  re w rit in g  lo g ic

�� P rio r w o rkP rio r w o rk

�� L im it at io n s o f  t h e  c u rre n t  m o d e lL im it at io n s o f  t h e  c u rre n t  m o d e l

�� C u rre n t  f o c u s an d  p ro g re ssC u rre n t  f o c u s an d  p ro g re ss

�� F u t u re  w o rkF u t u re  w o rk

�� R e lat e d  w o rkR e lat e d  w o rk

P le ase  j u m p  in  w it h  c o m m e n t s!P le ase  j u m p  in  w it h  c o m m e n t s!



S o rt s  a n d  S ig n a t u resS o rt s  a n d  S ig n a t u res

�� A  S o rt  is e sse n t ially  a T y p eA  S o rt  is e sse n t ially  a T y p e

�� S ig n at u re s c an  b e  u n so rt e d ,  m u lt iS ig n at u re s c an  b e  u n so rt e d ,  m u lt i--so rt e d ,  o r so rt e d ,  o r 
o rd e ro rd e r--so rt e dso rt e d

�� S ig n at u re s c o n t ain  at  le ast  a se t  o f  S ig n at u re s c o n t ain  at  le ast  a se t  o f  
((u n in t e rp re t e du n in t e rp re t e d )  f u n c t io n  sy m b o ls)  f u n c t io n  sy m b o ls

�� Mu lt iMu lt i--so rt e d  sig n at u re s in d e x  t h is b y  so rt s an d  so rt e d  sig n at u re s in d e x  t h is b y  so rt s an d  
c o n t ain  t h e  se t  o f  so rt sc o n t ain  t h e  se t  o f  so rt s

�� O rd e rO rd e r--so rt e d  sig n at u re s c o n t ain  an  o rd e rin g  so rt e d  sig n at u re s c o n t ain  an  o rd e rin g  
re lat io n  o n  so rt s as w e llre lat io n  o n  so rt s as w e ll



E q u a t io n a lE q u a t io n a l L o g icL o g ic

�� A n  A n  e q u at io n ale q u at io n al theorytheory is a p air (is a p air (ΣΣ ,  E ) ,  w it h  ,  E ) ,  w it h  ΣΣ a a 
sig n at u re  an d  E  a se t  o f  sig n at u re  an d  E  a se t  o f  eq u a ti on seq u a ti on s

�� E q u at io n s are  o f  t h e  f o rm  E q u at io n s are  o f  t h e  f o rm  l  =  rl  =  r

�� E q u at io n s p art it io n  t h e  se t  o f  t e rm s f o rm e d  E q u at io n s p art it io n  t h e  se t  o f  t e rm s f o rm e d  
f ro m  t h e  sig n at u re  in t o  e q u iv ale n c e  c lasse s m ad e  f ro m  t h e  sig n at u re  in t o  e q u iv ale n c e  c lasse s m ad e  
u p  o f  p ro v ab ly  e q u al t e rm su p  o f  p ro v ab ly  e q u al t e rm s



A  red u c t io n  s y s t emA  red u c t io n  s y s t em

�� T re at in g  e q u alit ie s T re at in g  e q u alit ie s l  =  rl  =  r as re d u c t io n  ru le s as re d u c t io n  ru le s l  l  →→ r r 
y ie ld s a re d u c t io n  sy st e my ie ld s a re d u c t io n  sy st e m

�� L an g u ag e s are  f o rm u lat e d  as L an g u ag e s are  f o rm u lat e d  as e q u at io n ale q u at io n al t h e o rie s,  t h e o rie s,  
p ro g ram s are  t e rm s in  t h e  p ro g ram s are  t e rm s in  t h e  term  a l g eb raterm  a l g eb ra ,  re d u c t io n  ,  re d u c t io n  
in  an  ap p ro p riat e  alg e b ra =  e x e c u t io n  in  an  ap p ro p riat e  alg e b ra =  e x e c u t io n  

�� P ro g ram s re d u c e d  t o  P ro g ram s re d u c e d  t o  c a n on i c a l  f orm  c a n on i c a l  f orm  –– e it h e r e it h e r 
t e rm in at io n  in  a f in al st at e ,  t e rm in at io n  in  a t e rm in at io n  in  a f in al st at e ,  t e rm in at io n  in  a 
st u c k st at e ,  o r n o nst u c k st at e ,  o r n o n -- t e rm in at io nt e rm in at io n



R ewrit in g  l o g icR ewrit in g  l o g ic

�� EquationalEquational log ic  c an m od e l nonlog ic  c an m od e l non--c onc ur r e nt c onc ur r e nt 
c om p utationsc om p utations

�� R e w r iting  log ic  c an b e  us e d  to m od e l c onc ur r e nt R e w r iting  log ic  c an b e  us e d  to m od e l c onc ur r e nt 
c om p utations  c om p utations  ---- th r e ad s ,  e tc .th r e ad s ,  e tc .

�� R e w r iting  log ic  R e w r iting  log ic  theoriestheories ar e  tr ip le s  (ar e  tr ip le s  ( ΣΣ , E, R ) ,  w h e r e  R  is  a , E, R ) ,  w h e r e  R  is  a 
s e t of  s e t of  rew rite ru l esrew rite ru l es

�� T h e s e  r ule s  allow  tr ans itions  b e tw e e n e quiv ale nc e  T h e s e  r ule s  allow  tr ans itions  b e tw e e n e quiv ale nc e  
c las s e s  of  te r m s ,  [t]  c las s e s  of  te r m s ,  [t]  →→ [t’ ] ,  r e p r e s e nting  non[t’ ] ,  r e p r e s e nting  non--e quiv ale nt e quiv ale nt 
e x e c ution s e que nc e se x e c ution s e que nc e s



Prior work: overviewPrior work: overview

�� Process calculiProcess calculi

�� C C S  [C C S  [ V e r d e j oV e r d e j o and  M ar tiand  M ar ti--O lie tO lie t,  2 0 0 0 ],  2 0 0 0 ]

�� ππ--C alc ulus  [C alc ulus  [ T h atiT h ati,  ,  S e nS e n and  M ar tiand  M ar ti--O lie tO lie t ,  2 0 0 2 ],  2 0 0 2 ]

�� E x ecut ab le sem an t icsE x ecut ab le sem an t ics

�� M S O S  [M S O S  [ B r ag aB r ag a,  2 0 0 1 ] ,  [,  2 0 0 1 ] ,  [ C h alubC h alub ,  2 0 0 5 ],  2 0 0 5 ]

�� L an g uag e d esig n  an d  d ef in it ionL an g uag e d esig n  an d  d ef in it ion

�� P L A N  [P L A N  [ S te h rS te h r and  and  T alc ottT alc ott,  2 0 0 2 ],  2 0 0 2 ]

�� J av aF A NJ av aF A N [[ F ar z an, M e s e g ue rF ar z an, M e s e g ue r and  R os u,  2 0 0 4 ]and  R os u,  2 0 0 4 ]



Prior work: d irec t l y  rel a t edPrior work: d irec t l y  rel a t ed

�� Ped ag og icalPed ag og ical

�� U I U C  P r og r am m ing  L ang uag e  D e s ig n c our s e  U I U C  P r og r am m ing  L ang uag e  D e s ig n c our s e  
( C S 3 2 2 / C S 4 2 2 ) ,  S p e c ial T op ic s  c our s e  ( C S 4 9 7 ) ,  ( C S 3 2 2 / C S 4 2 2 ) ,  S p e c ial T op ic s  c our s e  ( C S 4 9 7 ) ,  
S e m antic s  ( C S 5 2 2 )  [R os u]S e m antic s  ( C S 5 2 2 )  [R os u]

�� L an g uag e d ef in it ionL an g uag e d ef in it ion

�� L ang uag e  s ub s e ts  f or  c las s  p r oj e c ts  ( C S 5 2 2 )L ang uag e  s ub s e ts  f or  c las s  p r oj e c ts  ( C S 5 2 2 )

�� S c h e m e  [d ’ A m or im  and  R os u,  2 0 0 4 ]S c h e m e  [d ’ A m or im  and  R os u,  2 0 0 4 ]

�� B e ta [H ills ,  A k te m ur  and  R os u,  2 0 0 5 ]B e ta [H ills ,  A k te m ur  and  R os u,  2 0 0 5 ]

�� J av a [J av a [ F ar z anF ar z an,  C h e n,  ,  C h e n,  M e s e g ue rM e s e g ue r ,  and  R os u,  2 0 0 4 ],  and  R os u,  2 0 0 4 ]



S t ren g t h s  of  t h e c u rren t  m od elS t ren g t h s  of  t h e c u rren t  m od el

�� R ew rit in g  p rov id es a sim p le m od elR ew rit in g  p rov id es a sim p le m od el

�� F ast  en oug h  f or in st ruct ion al use an d  F ast  en oug h  f or in st ruct ion al use an d  
p rot ot y p in gp rot ot y p in g

�� S elfS elf --con t ain ed  con t ain ed  –– n o ex t ern al t ools n eed edn o ex t ern al t ools n eed ed

�� N at ural sup p ort  f or con curren cyN at ural sup p ort  f or con curren cy

�� G ood  t ool sup p ort  ( m od el ch eck er,  reach ab le G ood  t ool sup p ort  ( m od el ch eck er,  reach ab le 
st at e search ,  t h eorem  st at e search ,  t h eorem  p rov erp rov er,  et c),  et c)



S om e wea kn es s esS om e wea kn es s es

�� Parsin g  is ch allen g in g  f or real lan g uag esParsin g  is ch allen g in g  f or real lan g uag es

�� D ef in it ion s n ot  m od ular D ef in it ion s n ot  m od ular w . r. tw . r. t .  st at e ch an g es f or .  st at e ch an g es f or 
un relat ed  f eat uresun relat ed  f eat ures

�� Need to repeat unchanged portions of terms: Need to repeat unchanged portions of terms: 
unw iel dy  and errorunw iel dy  and error--proneprone



Modularity: exampleModularity: example

�� Before adding threads…Before adding threads…

�� A nd after…A nd after…

�� N othing c hanged in this ru l e,  b u t w e stil l  need to N othing c hanged in this ru l e,  b u t w e stil l  need to 
c hange it b ec au se of another featu rec hange it b ec au se of another featu re



R epetition : exampleR epetition : example

�� T he current cl ass (T he current cl ass ( X cX c)  and cl ass set don’ t )  and cl ass set don’ t 
change,  b ut w e need to repeat them any w aychange,  b ut w e need to repeat them any w ay



C urren t f oc usC urren t f oc us

�� D efine a rew riting notation sp ec ific al l y  for D efine a rew riting notation sp ec ific al l y  for 
p rogram m ing l angu ages:  K  notationp rogram m ing l angu ages:  K  notation

�� D efine a rew riting fram ew ork  for l angu ages:  K  D efine a rew riting fram ew ork  for l angu ages:  K  
fram ew orkfram ew ork

�� D efine p aradigm atic  l angu ages:  D efine p aradigm atic  l angu ages:  

�� SILF (imperative/procedural) [Hills, Serbanuta and Rosu, SILF (imperative/procedural) [Hills, Serbanuta and Rosu, 
2 0 0 5 ]2 0 0 5 ]

�� K O O L (obj ectK O O L (obj ect--oriented) [C h en, Hills and Rosu, 2 0 0 6 ]oriented) [C h en, Hills and Rosu, 2 0 0 6 ]

�� FU N  (f unctional) [Rosu, 2 0 0 5 ]FU N  (f unctional) [Rosu, 2 0 0 5 ]

�� Define existing languages: Beta, Java, SchemeDefine existing languages: Beta, Java, Scheme



K notationK notation

�� K is rewriting logic with PLK is rewriting logic with PL--sp ecif ic sy nta ctic sp ecif ic sy nta ctic 
su ga rsu ga r

�� C onciseness enha nced  b y  sort inf erenceC onciseness enha nced  b y  sort inf erence

�� M od u la rity  enha nced  b y  contex t tra nsf orm ersM od u la rity  enha nced  b y  contex t tra nsf orm ers

�� S y nta x  f or list a nd  set m a tchingS y nta x  f or list a nd  set m a tching



Example: exceptionsExample: exceptions

�� Try/CatchTry/Catch

�� N o rm al  e x e cu ti o n  &  thro wN o rm al  e x e cu ti o n  &  thro w



K  f r amew or kK  f r amew or k

�� M e tho d o l o g y f o r l an g u ag e  d e f i n i ti o nM e tho d o l o g y f o r l an g u ag e  d e f i n i ti o n

�� Explicit representation of controlExplicit representation of control

�� M atch ing  across inferred  context b ou nd ariesM atch ing  across inferred  context b ou nd aries

�� S tack s u sed  to q u ick ly  recov er prior stateS tack s u sed  to q u ick ly  recov er prior state

�� O rg aniz ation/ nesting  of state u sed  to g rou p related  O rg aniz ation/ nesting  of state u sed  to g rou p related  
inform ationinform ation

I t i s n ’ t n e ce s s ary to  u s e  the  K  f ram e w o rk  w i th the  I t i s n ’ t n e ce s s ary to  u s e  the  K  f ram e w o rk  w i th the  
K  m e tho d o l o g y,  b u t i t i s  d e f i n i te l y cl e an e rK  m e tho d o l o g y,  b u t i t i s  d e f i n i te l y cl e an e r



L ang u ag e d ef initionL ang u ag e d ef inition

�� D efine exam ple lang u ag esD efine exam ple lang u ag es

�� Provides good examples for those interested in using KProvides good examples for those interested in using K

�� E nhanc es c onfidenc e that tec hniq ue is applic ab le to a b road E nhanc es c onfidenc e that tec hniq ue is applic ab le to a b road 
numb er of languagesnumb er of languages

�� Define real languagesDefine real languages

�� A gain,  inc reases c onfidenc e,  plus provides unusual c asesA gain,  inc reases c onfidenc e,  plus provides unusual c ases

�� G ives formal definitions that c an then b e used for language G ives formal definitions that c an then b e used for language 
design and analy sisdesign and analy sis

�� B o t h  p ro v id e feed b ac k  as K  d ev elo p sB o t h  p ro v id e feed b ac k  as K  d ev elo p s



Future workFuture work

�� Define additional languagesDefine additional languages

�� Define new  language featur es Define new  language featur es –– after  all,  th is is a after  all,  th is is a 
p latfor m  for  language design and p latfor m  for  language design and 
ex p er im entationex p er im entation

�� C om p lete initial w or k  on K  to C  and K  to C om p lete initial w or k  on K  to C  and K  to 
R ew r ite E ngine ( M aude,  A S F )  tr anslator sR ew r ite E ngine ( M aude,  A S F )  tr anslator s

�� R ep ositor y  of language featur esR ep ositor y  of language featur es



Future work?Future work?

�� S up p or t for  w or k ing w ith  th eor em  S up p or t for  w or k ing w ith  th eor em  p r ov er sp r ov er s
( I sab elle,  C oq ,  etc ) ?( I sab elle,  C oq ,  etc ) ?

�� M eth ods to enh anc e th is to b etter  sup p or t M eth ods to enh anc e th is to b etter  sup p or t 
analy sis?analy sis?

�� N ic e G U I ?N ic e G U I ?

�� Formalize mappings to other models of Formalize mappings to other models of 
semantic s?semantic s?



Related WorkRelated Work
SemanticsSemantics

�� SO S [SO S [ P l o tk inP l o tk in,  1 9 8 1 ],  1 9 8 1 ]

�� M SO S [M o sses,  2 0 0 2 ] [M o sses, 2 0 0 4 ]M SO S [M o sses,  2 0 0 2 ] [M o sses, 2 0 0 4 ]

�� N atu r al  Semantics [K ah n,  1 9 8 7 ]N atu r al  Semantics [K ah n,  1 9 8 7 ]

�� D eno tatio nalD eno tatio nal [Sco tt and  [Sco tt and  Str ach eyStr ach ey ,  1 9 7 1 ] [Sch mid t,  1 9 8 6 ],  1 9 7 1 ] [Sch mid t,  1 9 8 6 ]

�� M o nad ic (M o nad ic ( d eno tatio nald eno tatio nal )  [)  [ M o g g iM o g g i ,  1 9 8 9 ],  1 9 8 9 ]

�� R ed u ctio n [R ed u ctio n [F el l eisenF el l eisen and  and  H iebH ieb ,  1 9 9 2 ],  1 9 9 2 ]

�� E q u atio nalE q u atio nal [[G o g u enG o g u en,  T h atch er ,  W ag ner  and  W r ig h t,  ,  T h atch er ,  W ag ner  and  W r ig h t,  
1 9 7 7 ]1 9 7 7 ]

�� P l u s many ,  many  mo r e…P l u s many ,  many  mo r e…



Related WorkRelated Work

�� E x ecu tab l e semanticsE x ecu tab l e semantics

�� Natural Semantics/Prolog [Clement, Natural Semantics/Prolog [Clement, D esp ey rouxD esp ey roux , , 
D esp ey rouxD esp ey roux , , H ascoetH ascoet and  K ah n, 1 9 8 5 ]  [and  K ah n, 1 9 8 5 ]  [ B orrasB orras, Clement, , Clement, 
D esp ey rouxD esp ey roux , , I ncerp iI ncerp i, K ah n, L ang and  , K ah n, L ang and  PascualPascual, 1 9 8 8 ], 1 9 8 8 ]

�� M any  Semantics/Prolog [M any  Semantics/Prolog [SlonnegerSlonneger and  K urtz ,1 9 9 5 ]and  K urtz ,1 9 9 5 ]

�� R ed uction Semantics/Sch eme [M atth ew s, R ed uction Semantics/Sch eme [M atth ew s, F ind lerF ind ler, , F lattF latt and  and  
F elleisenF elleisen, 2 0 0 4 ], 2 0 0 4 ]

�� R ew ritingR ew riting--b ased  [b ased  [ G oguenG oguen and  M alcolm, 1 9 9 6 ] [v an d en and  M alcolm, 1 9 9 6 ] [v an d en 
B rand , B rand , H eeringH eering, , K lintK lint and  O liv ier, 2 0 0 2 ]and  O liv ier, 2 0 0 2 ]

�� A gain, many  more…A gain, many  more…



Questions?Questions?
Any questions or comments?Any questions or comments?


